Annual variations in day length (photoperiod) trigger changes in the immune and reproductive system of seasonally-breeding animals. The purpose of this study was to determine whether photoperiodic changes in immunity depend on concurrent photoperiodic responses in the reproductive system, or whether immunological responses to photoperiod occur independent of reproductive responses. Here we report photoperiodic changes in enumerative, functional, and behavioral aspects of the immune system, and in immunomodulatory glucocorticoid secretion, in reproductively non-photoperiodic Wistar rats. T-cell numbers (CD3+, CD8+, CD8+CD25+, CD4+CD25+) were higher in the blood of rats housed in short as opposed to long-day lengths for 10 weeks. Following a simulated bacterial infection (Escherichia coli LPS; 125 lg/kg) the severity of several acute-phase sickness behaviors (anorexia, cachexia, neophobia, and social withdrawal) were attenuated in short days. LPS-stimulated IL-1b and IL-6 production were comparable between photoperiods, but plasma TNFa was higher in long-day relative to short-day rats. In addition, corticosterone concentrations were higher in short-day relative to long-day rats. The data are consistent with the hypothesis that photoperiodic regulation of the immune system can occur entirely independently of photoperiodic regulation of the reproductive system. In the absence of concurrent reproductive responses, short days increase the numbers of leukocytes capable of immunosurveillance and inhibition of inflammatory responses, increase proinflammatory cytokine production, increase immunomodulatory glucocorticoid secretion, and ultimately attenuate behavioral responses to infection. Seasonal changes in the host immune system, endocrine system, and behavior may contribute to the seasonal variability in disease outcomes, even in reproductively non-photoperiodic mammals.
Introduction
Winter presents animals with a significant energetic challenge: food availability is scarce and the costs of thermoregulation are higher, relative to conditions during spring and summer (Bronson, 1989) . To contend with this energetic conflict, many mammals have evolved mechanisms which allow them to suspend reproduction during the fraction of the year when environmental conditions are unfavorable for successful weaning of offspring (Prendergast et al., 2002a; Schneider, 2004) . The primary cue for engaging these changes in reproductive physiology is the seasonal change in day length (photoperiod), which reliably predicts winter conditions weeks in advance of their arrival. In many long-day breeding mammals, decreasing photoperiods of late-summer induce gonadal atrophy, decreases in gonadal hormone secretion, and termination of sex behaviors (Prendergast et al., 2002a) . In the laboratory, this entire suite of changes in the reproductive system can be induced by transfer of reproductively photoperiodic animals from long, summer-like photoperiods
